Dear Mr. Congo: 

Thank you of your letter of February 4, 201 1. As well, thank you for the Notice of Acceptance of 
Power of Attorney that was previously sent by you or a colleague at the USPTO. Although I 
appreciate your efforts and respect your opinion, I nonetheless remain disappointed at the result. 
Accordingly, on the basis of fairness, by this means I request reconsideration of the decision not to 
continue my patent. 

As an average citizen, the fact that Patent 5,420,107 was issued to me is a source of pride. As well, I 
have earned a royalty for my invention that was trademarked as a-L-PolyLactate and is included in 
the sports drink Cytomax. Royalty income from 5,420,107 makes a real difference to my family and 
me. Although clearly not relevant, it is true that in my family we have had major legal problems and 
for the last several years. Thus it is the case that I need a revenue stream to sustain my family and 
myself, and maybe to retire at some point. Seemingly, regardless of my personal situation, it is only 
fair that I have the right to benefit from my invention irrespective of personal circumstances. In no 
sense did I decide to "abandon" the patent on my invention. In fact, the invention has been in 
continuous use, and, until the unfortunate news about abandonment of the patent, the Cytomax label 
clearly indicated the presence of a unique and patented ingredient, Arginyl-lactate (again, 
trademarked in the US, but not internationally as "a-L-PolyLactate"). Now, as I understand the law, 
advertisements for the product and product labels can no longer mention that the product contains a 
patented ingredient. In this way, our ability to conduct business has been hampered. The unfortunate 
situation of not being able to stipulate the presence of a unique and efficacious ingredient is the 
direct result of maintenance fees not having been paid on time. 

With regard to efficacy of Polylactate in a sports drink, I enclose two peer-reviewed publications: (1) 
T.D. Fahey, J.D. Larsen, G.A. Brooks, W. Colvin, S. Henderson, D. Lary. The effects of ingesting 
polylactate or glucose polymer drinks during prolonged exercise. Intl. J. Sport. Nutr. 1: 249-256, 
1991, and (2) Azevedo, JL, Tietz E, Two-Feathers T, Paull J, Chapman K. Lactate, fructose and 
glucose oxidation profiles in sports drinks and the effect on exercise performance. PLoS One. 2(9): 
p. e927, 2007. In these two publications the advantages of Poly Lactate as an energy source and acid 
buffering agent for enhancing exercise performance are clearly demonstrated. Mr. Congo, with such 
knowledge there was every reason for me to maintain 5,420,107; clearly I had no motive or 
advantage to gain in abandoning the patent. Rather, for me there was every reason for paying the 
fees on time. Regrettably, paying the fees late was unavoidable. 
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In your letter of 2/4/1 1 your were clear in describing the legal precedents that led to the statement: 
the "Petitioner's recourse lies against counsel." But, Mr. Congo, you are an educated man and are 
retained by the USPTO as and expert; clearly you are a reasoned and thoughtful person capable of 
making value judgments. In the previous petition an attorney acting in my behalf documented the 
events leading to the delay in paying the maintenance fees for 5,420,107. It is true, I received no 
notice that the fee was due, but I responded as soon as was humanly possible once informed. I 
respectfully submit that my declaration on those points be accepted, for to deny veracity of my 
truthful statement seems unfair. 

In your denial you referenced precedents. Although not an attorney, I did my best to read the cases 
cited. But, I wonder, are they relevant to my case as an average citizen? The decision on L'Energie 
Atomique v. Watson seemingly had to do with a patent application, and not maintenance of an 
existing patent. The court's decision on Rydeen vs Quigg is short, but, but vague and lacking 
context: "opinions and orders which are designated as not citable as precedent shall not be 
employed or cited as precedent." Really, how is that applicable to the issue of an average citizen 
trying to make a living while facing large law firms that act with impunity? Clearly, there was no 
intent to abandon 5,420,107, paying fees late was unavoidable, and as to precedent, I neither 
understand how the court's decision on Rydeen vs Quigg is related to my petition, and further I fail 
to understand how a judgment in my favor might establish, or be in conflict with Rydeen vs Quigg. 

Mr. Congo in your letter of 2/4/11 you informed me that the "Petitioner's recourse lies against 
counsel." I take that statement as a helpful suggestion. However, as an average citizen without 
extraordinary means I wonder if it is fair to expect me to be able to seek redress against a large law 
firm. Rather, as an ordinary citizen I respectfully request protection by the USPTO against 
abandonment by Pillsbury Winthrop Shaw LLP, a large and sophisticated law firm that by mass, inertia 
and expertise is immune to complaints from persons such as me. Realistically, they have little to fear 
from me, and further, I mean them no harm. All they had to do was send a letter or e-mail. 

As a layperson, and not an attorney, I have another concern about fairness of the standard: 
"Petitioner's recourse lies against counsel." As I understand it, if I were to deem suing Pillsbury etc 
I would be expected to demonstrate financial damage. Well, Mr. Congo, does the law expect me to 
be damaged before requesting relief? Rather, my plea is to avoid being injured, thus obviating the 
need, or even impossible thought of suing Pillsbury Winthrop Shaw LLP. Such a rash act would 
likely cost far more than the loss of royalties on PolyLactate. Seemingly, if the standard is as stated, 
then I do not have recourse against counsel because suing would be a hopeless exercise and not 
address the issue of retaining the patent, which is my sole purpose in this effort. 

In your letter of February 4, 2011 you were thoughtful it trying to explain to me meanings of legal 

terms. Specifically, on page 2 you defined "reasonable care" and "unavoidable". The word 

'unavoidable' ... is applicable to ordinary human affairs, and requires no more or greater care or 

diligence that is generally used and observed by prudent and careful men in relation to their most 

important business." In my case, years ago I retained a major law firm to secure my patent, and I 

paid them thousands, no tens of thousands of dollars for their services. Hence, in fairness to me, 

having retained expert assistance I reasonably expected notification of the due date for the payment 

of patent maintenance fees. The fact that Pillsbury Winthrop Shaw LLP abandoned me was, in my 
view, unreasonable on their part and unfair to me. 



In your letter of February 4, 201 1 you indicated that any request for reconsideration be accompanied 
by any and all relevant information including statements by persons with direct knowledge of the 
cause of he delay, setting fort the facts as they know them. But, Mr. Congo, my statement was 
complete and truthful and I know of no others to testify to veracity of my statement. 

Mr. Congo, I cannot know the full range of factors involved in your decision, but the issue of harm 
likely is important. I am trying to imagine who or what entity besides my business associates and I 
might be harmed or otherwise injured if my patent were to be restored. Honestly, I can think of no 
other individuals or entities that would be harmed, injured or hampered in any way. Regrettably, I 
would be the only harmed by loss of my intellectual property. And, in terms of future USPTO 
actions and decisions, I cannot imagine that restoring my patent will create some precedent harming 
someone or some entity in the future. 

Mr. Congo, as an average citizen I can reasonably expect fair treatment by an agency of my Federal 
government. As well, as an average citizen I can expect protection by an arm of my government 
from the inconsiderate actions, or rather lack of action on the part of a large and powerful law firm. 
Mr. Congo, in reaching your final decision please remember that I acted promptly and in good faith 
when informed about maintenance fees on USP 5,420,107. I paid those fees, and, as well, I enclose 
a check to cover the expenses associated with this final appeal. Restoring my patent will cause no 
harm to any person or entity and will correct unfair and inappropriate treatment of me by a large and 
powerful, but disdainful law firm. Simply, I ask you to use your considered judgment in resolving 
this matter. 

In closing, I thank you for your efforts in this matter, particularly for reading this non-professional 
plea. In closing there is one additional thing to consider. It is a fact that in the act of paying late and 
other fees I have sent several thousand dollars to the USPTO. As citizens we both know of the dire 
budgetary deficit situations at local, state and federal levels. Really, approving my petition would 
allow Uncle Same to keep my fees, thereby helping to resole the federal budget deficit. Happy April 
1. 



Sincerely, 




George A. Brooks, Ph.D. 
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Lactate, Fructose and Glucose Oxidation Profiles in 
Sports Drinks and the Effect on Exercise Performance 

John L. Azevedo Jr.*, Emily Tietz, Tashena Two-Feathers, Jeff Paull, Kenneth Chapman 

Exercise Biology Laboratory, Department of Kinesiology, California State University Chico, Chico, California, United States of America 

Exogenous carbohydrate oxidation was assessed in 6 male Category 1 and 2 cyclists who consumed CytoMax (C) or a leading 
sports drink (G) before and during continuous exercise (CE). C contained lactate-poiymer, fructose, glucose and glucose 
polymer, while G contained fructose and glucose. Peak power output and V0 2 on a cycle ergometer were 408±13 W and 
67.4±3.2 mlOa-kg^-mirT 1 . Subjects performed 3 bouts of CE with C, and 2 with G at 62% V0 2 peak for 90 min, followed by 
high intensity (HI) exercise (86% V0 2 peak) to volitional fatigue. Subjects consumed 250 ml fluid immediately before (-2 min) 
and every 15 min of cycling. Drinks at -2 and 45 min contained 100 mg of [U- 13 Cj-lactate, -glucose or -fructose. Blood, 
pulmonary gas samples and 13 C0 2 excretion were taken prior to fluid ingestion and at 5,10,15,30,45,60,75, and 90 min of CE, at 
the end of HI, and 15 min of recovery. HI after CE was 25% longer with C than G (6.5±0.8 vs. 5.2±1.0 min, P<0.05). 13 C0 2 from 
the -2 min lactate tracer was significantly elevated above rest at 5 min of exercise, and peaked at 15 min. C0 2 from the 
-2 min glucose tracer peaked at 45 min for C and G. 13 C0 2 increased rapidly from the 45 min lactate dose, and by 60 min of 
exercise was 33% greater than glucose in C or G, and 36% greater than fructose in G. 13 C0 2 production following tracer 
fructose ingestion was greater than glucose in the first 45 minutes in C and G. Cumulative recoveries of tracer during exercise 
were: 92%±5.3% for lactate in C and 25±4.0% for glucose in C or G. Recoveries for fructose in C and G were 75±5.9% and 
26 ±6.6%, respectively. Lactate was used more rapidly and to a greater extent than fructose or glucose. CytoMax significantly 
enhanced HI. 

Citation: Azevedo JL Jr, Tietz E, Two-Feathers T, Paull J, Chapman K (2007) Lactate, Fructose and Glucose Oxidation Profiles in Sports Drinks and the 
Effect on Exercise Performance. PLoS ONE 2(9): e927. doi:10.1371/journal.pone,0000927 



INTRODUCTION 

Intense endurance exercise promotes dehydration and depletion of 
blood glucose, muscle and liver glycogen, and electrolytes. 
Endurance athletes must satisfy the needs for fluids, energy, and 
electrolytes for optimal performance. Fluid-energy-electrolyte 
replacement beverages (i.e., sports drinks) improve endurance 
because they satisfy these needs, particularly in hot and humid 
environments [1,2,3]. 

Traditional sports drinks supply energy in the form of sugars 
(glucose, fructose, sucrose) and glucose polymers [1]. Carbohy- 
drate is die main energy source for prolonged physical activity [4] , 
and of the dietary energy substrates, carbohydrates arc most 
readily digested and absorbed. The drinks also contain electrolytes 
to replace those lost in sweat. Electrolytes also stimulate thirst, 
promote solute absorption in the gastrointestinal (GI) tract [1,2,3], 
and buffer endogenous acids [5]. 

A sports drmk containing a 6% (w/v) glucose solution is 
efficacious for promoting Gl emptying and exercise performance. 
Consumption of 1 liter per hour in 250 ml aliquots delivers 1 g/ 
min of glucose, which enhances fuel availability and provides other 
benefits [1,3|. More, rccendy investigators [6-10] have experi- 
mented with combinations of hexoscs (e.g., 2 glucose/fructose) to 
raise drink solute content above 6% by taking advantage of specific 
intestinal transporters that promote solute absorption [11—14]. 
The same investigators have used isotopically labeled solutes to 
track the oxidation of specific energy substrates in sports drinks. 
The results support the concept of increasing energy delivery by 
expanding the metabolite delivery profile of the beverages. 

Lactate is a dynamic substrate with great potential as an energy 
source in sports drinks. To date, however, the efficacy of adding 
lactate to these drinks has been sparsely assessed [5, 1 5, 1 6] . Lactate 
was once considered a metabolic waste but is now recognized as an 
important energy substrate in the body. Lactate is the main 
product of carbohydrate metabolism and can be used as a fuel in 
working muscle cells shutded to other tissues such as the heart 



where lactate is fuel [17], or to the liver were lactate serves as 
a gluconeogenic precursor [18]. 

Lactate is transported across cell plasma and mitochondrial 
membranes by a family of proton-lactatc anion-coupled symporter 
proteins [19,20,21], of which MCT1 is the predominant isoform in 
muscle [22,23]. Related, but from a different gene family is the 
sodium-coupled intestinal lactate transporter, sMCT, also known 
as the slc5a8 [24,25]. The presence of monocarboxylate (i.e., 
lactate) transport proteins in the GI tract, erythrocytes, myocytes, 
cardiocytes, hepatocytes, astrocytes and neurons provide a meta- 
bolic rationale for including lactatc-containing food additives in 
sports drinks. PolyLactate in CytoMax 1M (C) might hasten the 
delivery of substrate during prolonged intense exercise, which may 
improve sprint performance and delay prevent fatigue after 
prolonged, hard exercise. 

In the present study we evaluated rapidity and extent of use 
of substrates present in C and a popular brand (G). The main finding 
was that lactate was oxidized faster and to a greater extent than 
fructose or glucose, which are the principle nutrients contained in 
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Figure 1. Time-course of V0 2 (L/min) while exercising at 62% for 
90 minutes followed by exercise to exhaustion at 86% of V0 2 max 
during three CytoMax (C) trials and two G trials. The three C trials and 
two G trials were randomly ordered. Because no differences existed 
between trials, the data from the three C trials and two G trials were 
averaged. Data are means ±SE. No difference existed between drinks. * 
significantly different from rest (p<0.01). J significantly different from 
steady state exercise (p<0.01). t significantly different from V0 2 during 
HI (p<0.05). 

doi:10.1371/journal.pone.0000927.g001 
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Figure 2. Time-course of respiratory exchange ratio (RER = VC0 2 /V0 2 ) 
while exercising at 62% for 90 minutes followed by exercise to 
exhaustion at 86% of V0 2 max during three C trials and two G trials. 

The three C trials and two G trials were randomly ordered. Because no 
differences existed between trials, the data from the three C trials and 
two G trials were averaged. Data are means ±SE. No difference existed 
between drinks. * significantly different from rest (p<0.05). t 
significantly different from steady state exercise with the exception of 
minutes 5 and 10 (p<0.05). J significantly different from HI (p<0.05). 
doi: 1 0. 1 37 1 /jou rnal.pone.0000927.g002 



most sports drinks. Including lactate as a component of sports drinks 
is logical based on the research showing its role in carbohydrate 
utilization during exercise (i.e., the Lactate Shuttle) and the present 
results show that exogenous lactate is a readily available substrate in 
that it is rapidly transported and oxidized. 

RESULTS 

Subject Characteristics 

Participants were fit men (Tabic 1), with a mean V0 2 max 
(VOspeak) exceeding 5 L CVmin" 1 (67 ml C^'kg" l *min _I ). As 
expected, maximum RER was well over 1 .0 during the maximum 
exercise capacity test. Maximum heart rate varied with age with 
a mean of approximately 190 bpm (Table 1). All subjects reached 
at least 400 watts power output during the maximum performance 
tests; the mean maximum power output was 408 watts. Body 
weight was 76 kg on average with a range of 65 to 88 kg. Body fat 
percentages were approximately 14%. 

Whole-Body Metabolism 

Oxygen consumption for all three C trials and both G trials were 
combined and presented as "C" and "G". Subjects rode at a V0 2 
corresponding to ~62% of their VOamax (3.2 L 02 , min~ i , 



Figure 1) for 90 minutes followed by an effort that elicited —85% 
of their V0 2 max (4.4 L Os'min" 1 ) until volitional fatigue, 
typically —4-7 minutes. VO2 returned rapidly toward resting 
values after the cessation of exercise (Figure 1). 

Compared to rest, respiratory exchange ratios were consistendy 
elevated to about 0.93 for the sustained 90-minutc exercise, 
indicating that the primary fuel utilized during exercise was 
carbohydrate (Figure 2) in all the C and G trials. During the HI 
cfTort RER exceeded 1.0 in all C and G trials (Figure 2). 

Blood Metabolites 

At rest, blood glucose concentrations in postabsorptive men were 
slighdy below 5 mM, and rose gradually during all C and G trials 
to between 6 and 7 mM at 45 min, then gradually declined back 
toward initial values of approximately 5 mM by 90 min of exercise 
(Figure 3). Lactate was approximately 1.0 mM at rest and rose 
slighdy to approximately 1.7 mM at 15 min in all trials then 
declined to approximately 1.5 mM by 30 minutes and remained 
at that level for the remainder of the 63% exercise task (Figure 4). 
Blood lactate increased to over 8 mM during the HI effort and 
returned almost completely to resting values at 15 minutes of 
recovery (Figure 4). There were no differences between C and G 
in blood glucose or lactate levels. 



Table 1. Subject characteristics. 
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Figure 3. Time-course of blood glucose concentration while 
exercising at 62% for 90 minutes followed by exercise to exhaustion 
at 86% of V0 2 max during three C trials and two G trials. The three C 
trials and two G trials were randomly ordered. Because no differences 
existed between trials, the data from the three C trials and two G trials 
were averaged. Data are means±SE. No difference existed between 
drinks. # significantly different from rest (p<0.05). 
doi:10.1371/journal.pone.0000927.g003 



Substrate Oxidation 

There were clear differences between C and G in substrate oxidation 
patterns as indicated by the excretion of C0 2 in breath, whether 
considered from the standpoint of tracer oxidation rate (Figure 5), or 
the fractional oxidation rate (Figure 6). The labeled CO2 production 
rate following C-lac ingestion rose in the first 10 minutes to almost 
40 pmol-min" 1 (p<0,01 v. G-glu) and exceeded 40 pjnoFmin -1 by 
15 minutes of exercise (p<0.01 v. G-glu). The next most rapidly 
oxidized substrate was fructose from CytoMax (C-fru). C0 2 
production from ingested C-fru started at approximately 17 pmol*'" 
min -1 and increased rapidly also to over 40 |imol-min~ 1 at 15-min. 
Tracer CO2 production rates following ingestion of lactate and 
fructose labeled CytoMax appeared to decline from 30 to 
45 minutes (Figure 5), but only because the tracer dose was largely 
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Figure 4. Time-course of blood lactate while exercising at 62% for 
90 minutes followed by exercise to exhaustion at 86% of V0 2 max 
during three C trials and two G trials. The three C trials and two G trials 
were randomly ordered. Because no differences existed between trials, 
the data from the three C trials and two G trials were averaged. Data are 
means ±SE. No difference existed between drinks. * significantly 
different from rest For beverage G, only 5, 10, & 15 min time points 
significantly different from rest. For C, all time points indicated are 
different from rest, f significantly different from steady state exercise 
(p<0.05). % significantly different from blood lactate during HI (p<0.05). 
doi:10.1371/journal.pone.0000927.g004 
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Figure 5. Time-course of C0 2 production ( 13 C0 2 appearance in 
expired air) while exercising at 62% for 90 minutes followed by 
exercise to exhaustion at 86% of V0 2 max during three C trials and 
two G trials. The three C trials and two G trials were randomly ordered. 
* significantly different from G-glu (p<0.05). f significantly different 
from all other substrates (p<0.05). % G-glucose significantly different 
from C-lac (p<0.05). Data are means. SE were omitted for the sake of 
clarity. 

doi:10.1371/journal.pone.0000927.g005 

eliminated by that time and the remaining tracer dose was becoming 
vanishingly small. I3 C02 production from ingested labeled metabo- 
lites rose again after ingestion of the second dose of isotope at 45 min 
of exercise. C-lac tracer C0 2 production rate rose far more 
dramatically than diat from any other substrate measured upon 
ingestion of the second tracer dose, doubling between 45 and 
60 minutes of exercise. Lactate oxidation rate peaked and declined 
prior to the 75-minutc time point (Figure 5); again, this result 
probably attributable to rapid tracer oxidation followed by a lack of 
availability. In contrast, labeled C0 2 production rates from second 
tracer doses of all other substrates peaked at or after minute 75 
(Figure 5). Between minutes 75 and 90 substrate oxidation rates 
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Figure 6. Time-course of the cumulative recovery of 13 C0 2 in expired 
air while exercising at 62% for 90 minutes followed by exercise to 
exhaustion at 86% of V0 2 max during three C trials and two G trials. 
The three C trials and two G trials were randomly ordered. § cumulative 
recovery of lactate different from cumulative recovery from G-glu 
(p<0.05). ¥ cumulative recovery lactate different from cumulative 
recovery from glucose from both drinks (p<0.01). * cumulative recovery 
different from cumulative recovery from glucose from both drinks and 
fructose from G (p<0.01). t cumulative recovery different from 
cumulative recovery from glucose and fructose from both drinks 
(p<0.05). t time point different from all other time points (p<0.01). 
Data are means ±SE. 
doi:10.1371/journal.pone.0000927.g006 
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declined. During the HI effort, G-glu tracer CO^ production was 
higher than in C-lac (p<0.05) most likely due to the relatively slow 
kinetics of glucose compared to lactate such that maximal glucose 
oxidation lagged behind lactate for about 30 minutes. Oxidation of 
all exogenous tracers declined dramatically after the cessation of 
exercise (Figure 5). 

The cumulative recovery rate of tracer in C-lac as C0 2 was 
significantly larger than any other substrate in cither drink 
(Figure 6). For the first 30 min of exercise, the fractional oxidation 
rate of lactate in CytoMax (C-lac) was 37%, or more than three 
times higher dian from either carbohydrate source in G (i.e., 1 1% 
for fructose (G-fru) or 8% for glucose (G-glu) (p<0.05) (Figure 6). 
For C-lac, by minute 45, approximately 60% of the lactate had 
been recovered as I3 C0 2 in expired air, and by the end of exercise 
over 92% of the label given in two oral boluses of C-lactate was 
recovered as expired ,3 C02 (Figure 7). 

The only substrate that approached the relative recovery of 
*C0 2 from ingested lactate was fructose from CytoMax. llic 
recovery of C-fru paralleled that of C-lac; however total recovery 
for C-fru was less at each time point amounting to 75% over 
90 min (Figures 5-7). 

The recoveries for glucose in CytoMax as well as both substrates 
(glucose and fructose) in G were only approximately 25% 
(Figures 6 & 7). The oxidative disposal of glucose was the lowest 
observed substrate in both beverages (C and G). 

Thus, the recovery of the tracer from C-lac in breath was both 
more rapid and more complete than any of the carbohydrate 
sources in G (Figures 5-7). 

Sprint Performance 

The cyclists in the present study rode 25% longer on C (6.5 min) 
than on G (5.2 min) during the high intensity (HI) portion of the 
exercise trial (Figure 8). V0 2 and RER were monitored constantly 
during the high-intensity trials to insure maximum efTort. V0 2 
peaked at 4.4 L-min" 1 for both CytoMax and G during the high- 
intensity effort. Further, subjects exercised at 86% of V0 2 max 
during the HI portion of the trials while using C as well as G. RER 
exceeded 1.05 during all trials, so we can infer that subjects 
exercised maximally during the HI trials. 
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Figure 7. 2-hour cumulative recovery of lactate, fructose and glucose 
from C and glucose and fructose from G during 90 minutes of steady 
state exercise at 62% V0 2 max followed by an 86% V0 2 max effort 
until volitional fatigue. Total recovery was calculated as the sum of the 
cumulative recovery. Data are means ±SE. * significantly different from 
C-glu, G-glu, G-fru (p<0.01). t significantly different from C-fru 
(p<0.01). 

doi:10.1371/joumal.pone.0000927.g007 
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Figure 8. Time to exhaustion at 86% of V0 2 max after 90 minutes of 
cycling at 62% of V0 2 max while drinking either C or G. C is the 

mean±SE of three trials. G is the mean±SE of two trials. Five trials total 
were carried out in random order. Time to exhaustion while drinking C 
was significantly longer (6.5±0.8 min) than while drinking G (5.2±1.0, 
p=0.05). 

doi:1 0.1 371 /journal.pone.0000927.g008 



Reliability Assessments 

Because subjects were studied twice with G and thr ee times with C, 
reliability of sprint performance could be assessed. The interclass 
correlation coefficient (ICC) for repeated sprint performances on 
subjects taking G was high and significant (r = 0.089, p<0.03). For 
repeated sprint performances when subjects were taking C, the ICC 
was again high and statistically significant (r = 0.957, p<0.04). 

DISCUSSION 

On the bases of fractional oxidation rate and cumulative recovery 
of tracer in expired C0 2 collected over more dian 90 min of 
continuous followed by high intensity exercise, results showed that 
lactate was used as a fuel much faster and more completely than 
glucose, particularly in the drink formulations tested which are 
typical of sports drink platforms that are commonly used. Given 
the plethora of scientific evidence regarding endogenous lactate 
oxidation in humans in vivo, the results in Figures 5-7 showing 
rapid and extensive oxidation of orally supplied lactate arc not 
surprising [4,5,17,18,20-24,26-41]. The rapid rate of lactate 
assimilation, distribution and oxidation could be predicted given 
its central role in linking glycolytic and oxidative metabolism, as 
well as the wide-spread expression of lactate-hydrogen ion 
symportcrs (referred as monocarboxylate transporters, or MCTs) 
in muscle and other tissues [19,22,23], and the presence of 
a sodium ion-mediated intestinal MCT [24,25]. 

The initial oxidation rate of lactate was clearly superior to 
glucose and fructose at the outset of exercise, but equally or more 
impressive was the rapid assimilation and use of lactate during 
exercise as evident by the excretion of " CO2 at 60 min of exercise 
following consumption of the tracer dose at 45 min (Figure 5). 
Several factors may be responsible for the more rapid rise in 
13 C0 2 excretion following the second dose. Figure 5 exhibits 
classic bolus tracer kinetics. There is an initial rise in the 
appearance of ,3 C0 2 from each energy substrate, most rapidly 
appearing from lactate, followed by a decrease in the rate of 
1 CO2 appearance. The decrease would be due to a diminished 
isotopic supply from the bolus ingested at —2 minutes. However, 
because the second dose of isotope was ingested prior to complete 
exhaustion of the first bolus of isotope, the response observed at 
60 minutes is amplified due to the additional isotope to the already 
existing supply. In this context the high oxidation rates of lactate 



PLoS ONE J www.plosone.org 



September 2007 | Issue 9 | e927 



Lactate in a Sports Drink 



and other substrates during the second half of the exercise trial 
than at exercise onset is understandable. 

The oxidation rate of fructose was intermediate between lactate 
and glucose, actually tracking the pattern of lactatc-derived tracer 
excretion in breath at the beginning of exercise. The results arc 
consistent with those ofjeukendrup and colleagues [1,6,7,8,10,42] 
who showed greater tracer oxidation from glucose + fructose 
mixtures compared to glucose alone when >6% solutions were 
taken by exercising athletes. The results may indicate muscle 
fructose uptake and oxidation [4-3 1 . However, a more likely route 
of entry for fructose is that it may undergo glycolysis in the 
intestinal mucosa or elsewhere in the splanchnic bed, causing 
a rapid entry of lactate into the systemic circulation [44,45]. 

As indicated in Figures 1-4, neither C nor G affected whole 
body metabolism or circulating metabolite levels. Hence, results 
affirmed that most energy (>90%) during exercise is derived from 
endogenous sources. However, fractional oxidation rates of 
exogenous substrates showed clear differences in availability for 
oxidation in individuals engaged in sustained intense exercise 
(Figures 5-7). Therefore, it is appropriate to conclude that while 
providing important information on overall, whole-body substrate 
metabolism, non-tracer derived pulmonary and blood measure- 
ments arc insufficient to reveal die contributions of exogenous 
metabolites as utilized in the present investigation. 

Results obtained in the present investigation indicate that 
various fuel energy substrates in sports drinks use different transport 
systems to gain access to the systemic circulation and cellular 
pathways of oxidative metabolism at different rates. Results can be 
interpreted to mean that the ideal spoils drink should contain several 
different energy substrates because the absorption of any single 
substrate is limited by competition for its unique transporter sites. 
Including several substrates in a sports drink might accelerate the 
rate of energy absorption due to the utilization of various 
independent transport systems, and therefore the best way to 
provide energy substrate during prolonged exercise [ 1 ] . 

In terms of the fractional oxidation rates of exogenously 
supplied fuel energy substrates, the results obtained in the present 
investigation arc likely also attributable to the presence of muscle 
cell (sarcolcmmal) transport systems as well as the intracellular 
pathways of energy substrate utilization. The preference of 
working muscle for lactate over glucose has been established in 
combined lactate clamp and tracer studies [36,37,38]. The 
apparent preference for fructose over glucose is likely attributable 
to the conversion of fructose to lactate and subsequent use of 
lactate derived from exogenously supplied fructose [vide supra). 

Lactate can be taken up by more than one type of tissue during 
exercise, so it is not known which tissue oxidized lactate in this 
study. However because working muscle accounts for most of the 
whole-body pulmonary oxygen consumption during exercise, it 
can reasonably assumed that working muscle accounted for most 
of the observed [U C] lactate oxidation. Although it is well 
established that lactate is also the major gluconeogenic precursor 
that is taken up by the liver and converted to glucose which can be 
released to maintain blood glucose [46], if ingested lactate first 
went to the liver and was converted to glucose, an entirely different 
kinetic response from that observed would be expected. The 
appearance of CO2 from lactate in the breath would have been 
far slower than the rapid lactate fractional oxidation rates observed 
in the present study if gluconcogenesis was a major route of disposal 
of exogenously supplied lactate. Therefore, it is appropriate to 
conclude that the rapid oxidation of lactate in comparison to glucose 
is consistent with results of vascular lactate tracer and clamp 
procedures showing preferential and direct oxidation of lactate over 
glucose, and not lactate carbon converted to glucose and then 



oxidized. The results of the present investigation arc important from 
another aspect because they indicate that at the exercise power 
output studied, splanchnic blood flow is sufficient for assimilation of 
the exogenous carbohydrate supply [46]. 

A result from the present study that is difficult to explain is the 
discrepancy in fructose oxidation following C or G ingestion. One 
possibility involves the form in which fructose is incoiporated into 
the respective drinks. CytoMax uses crystalline fructose whereas G 
uses high-fructose corn syrup (HFCS). Perhaps the fructose in the 
HFCS is saturating the GLUTS in the small intestine, thus 
fructose entry/ uptake is transport-Limited. Alternatively, some 
other component or characteristic of HFCS may have affected 
availability of fructose in G. 

Prior to the present research, two other suidies sought to 
determine the efficacy of lactate as a sports drink component 
[5, 16]. Neither study utilized tracers to quantify metabolite fractional 
oxidation rates as was done in the present investigation. Fancy et al. 
found that in comparison to a glucose polymer, a PolyLactate- 
glucose polymer combination was able to maintain blood glucose at 
least as well as glucose polymer alone. This is likely due to the role of 
lactate in gluconeogenesis. Further, Fancy et al. found that 
PolyLactate resulted in greater bicarbonate concentration in the 
blood of their subjects. This greater bicarbonate concentr ation could 
have an implication on enhanced performance during high-intensity 
exercise. This will be discussed in detail below, 

Swcnscn et al. compared endurance performance of men taking 
one of either two glucose polymer-based sports drinks, one with 
PolyLactate (and less glucose polymer) and glucose polymer alone 
[16]. Swcnscn et al. concluded, however, that adding PolyLactate to 
a glucose polymer-based drink was not beneficial, that is, it did not 
enhance endurance time during steady-state exercise. Total 
carbohydrate was well controlled between trials such that subjects 
received the same amount of carbohydrate (7% solution, 0.3 g 
CHO/kg body wt) for each sub-maximal trial. The subjects in the 
Swenscn study exercised at a sustainable energy expenditure in both 
trials (70% V0 2 max). The investigators did not conduct repeated 
trials with the two beverages, so reliability of exercise performance 
could not be assessed. Nonetheless, it is no surprise that there was no 
difference in time to exhaustion with steady-state exercise which may 
have represented an inadequate challenge to energy substrate 
delivery pathways to require exploitation of parallel energy substrate 
transport systems for optimal performance. In contrast, in the 
present investigation, to simulate conditions diat occur in sport, the 
subjects were challenged with a non-steady state, unsustainable 
sprint-like exercise task (86% VC^pcak to exhaustion) after 
a prolonged bout of exercise. This substantial challenge to energy 
metabolic pathways made apparent the benefit of the more diverse 
formulation in CytoMax, which includes PolyLactate. 

Besides the well-established role of lactate as an essential 
intermediate between glycolytic and oxidative metabolism, the 
increased performance occurred could be partially explained by the 
enhanced buffering capacity of PolyLactate. It has been demonstrated 
that there is an increased bicarbonate and blood pH during exercise 
in subjects consuming a drink with PolyLactate as opposed to glucose 
polymer alone [5|. The lactate in CytoMax is able to stoichiomct- 
rically scavenge protons because the lactate anion is the salt of the 
acid. By scavenging protons, the lactate in C acts to spare bicarbonate 
during periods of high proton efflux from skeletal muscle or intense 
exercise (which may explain why five of six subjects sprinted longer 
after prolonged, hard continuous exercise when consuming C than 
they did when consuming G). As well, the disposal of exogenous 
lactate as lactic acid via oxidation or gluconeogenesis results in 
stoichiometric removal of protons (H*). That such a buffering, or 
other, effect of PolyLactate may have been in operation is suggested 
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Ixcausc the effect on sprint finishing performance (Figure 8) can not 
Ix: explained on the bases of respiratory gas exchange (Figure 2) or 
blood metabolite levels (Figures 3 and 4). Results of the present study 
confirm that the energy substrate platform of sports drinks 
dramatically affects athletic performance. 

While subjects in this study sprinted significandy longer when 
taking C vs. G, the number of study participants was small. There 
is less statistical power in a small sample size making it more 
difficult to reach statistical significance, thus the fact that statistical 
significance was reached, gives additional credence to the present 
findings. In this regard, it is to be reiterated that highly fit and 
experienced cyclists were used. The drinks (C and G) were 
matched in color and taste, and subjects were naive to the 
beverage and tracer given on any particular day. Further, subjects 
were not informed of their sprint times, but a financial inducement 
was offered to the participant with the longest sprint time. Most 
importantly, excellent test reliability measures for G and C, 0.89 
and 0.96, respectively, were obtained. Hence, it is reasonable to 
conclude the statistical difference in exercise performance was real. 

In summary, this is the first report of greater fractional oxidation 
of lactate in comparison to odier carbohydrate energy substrates 
during exercise. As well, the presence of fructose as an ingredient 
in an cncrgy-clectrolytc hydration beverage provides and advan- 
tage over glucose alone in terms of providing energy to an 
exercising athlete. By providing PolyLactatc™ as well as fructose, 
glucose and glucose polymers as CHO-energy forms, CytoMax 
possesses clear advantages in terms of providing rapid and 
sustained energy allowing superior sprint finishing performance 
in compar ison to a popular HFCS-based sports drink. 

METHODS 

Body composition and maximal oxygen 
consumption 

Six male subjects were recruited from the local cycling 
community. After an overnight fast, body composition was 
measured by air displacement densitometry (Bod Pod, LM1, 
Concord, CA) using the Brozek equation [47], Maximal oxygen 
consumption was assessed on a Monark model 839E electrically- 
braked cycle crgomctcr (Vansbro, Sweden) using a continually 
increasing power output protocol. Power output started at 
100 watts and was increased in 50 watt increments every two 
minutes until 400 watts and increased in 25 watt increments after 
that. All subjects reached at least 400 watts, and proceeded until 
volitional fatigue. Maximal oxygen consumption was identified as 
the greatest oxygen consumption value attained during the test. 
VE, V0 2 , VC0 2 , RER ( = VC0 2 ,/V0 2> ) were assessed by 
indirect calorimctry (ParvoMcdics 2400; Salt Lake City, UT). 

Exercise-sports drink trials 

Subjects reported to the lab at about 0800 on five separate 
occasions for their submaximal exercise trials. They first 
completed a 24 hour dietary log. Subjects performed continuous 
exercise (CE) at 62% of V0 2 max for 90 minutes after which they 
exercised at 86% of V0 2 max (high-intensity effort, HI) until 
volitional fatigue. Fatigue was defined as the inability to maintain 
ergomcter power output at a cadence above 40 rpm. Subjects then 
recovered for 15 min at 50% of the HI power output. 

Drinks 

Subjects received isocaloric volumes (250 ml, 55 kcal) of either 
CytoMax (C) or a leading brand (G). Citrus Blast (CytoMax) and 
a citrus-flavored version of G were used to match color and taste 



and were obtained commercially. Drinks were administered two 
minutes prior to exercise (— 2), and then every 15 minutes during 
exercise until the 90 minute time point. To trace the components 
of C or G, 100 mg of uniformly-labeled ,3 C-glucose (glu), l3 C- 
fructosc (fru) or l3 C-lactate (lac) (Cambridge Isotope, Cambridge, 
MA) was added to the drinks consumed at —2 and 45 minutes of 
exercise. The total molar 13 C-label dose was not different between 
the 5 trials, and the order of trials was randomized and subjects 
were blinded from knowledge of the drink provided on any 
particular day. Trials for respective subjects occurred about every 
1 .0 to 1 .5 weeks. Subjects tolerated all drinks very well, and none 
reported any GI distress or other side effects from consuming the 
drinks as indicated in a post-trial questionnaire. 

Blood samples 

Aiterialized blood samples were collected from a heated superficial 
hand vein at rest (—2 minutes), 5, 10, 15, 30, 45, 60, 75, 
90 minutes of exercise, the end of exercise (~ min 95 & 97 for G 
and C, respectively) and 15 minutes after the cessation of exercise. 
Blood samples were immediately transferred to ice-cold 8% 
perchloric acid, weighed, spun, supernatants decanted and stored 
at — 80°C until assayed for glucose and lactate. 

Assays 

Glucose was analyzed using the HK-based assay that couples G6P 
with GPDH that is a NADH-linkcd assay (Pointe Scientific, 
Canton, MI). Samples were read at 340 nm. 

Lactate was assayed enzymatically by the method of Gutmann 
and Wahlefeld [48). 

Isotopically-enriched C0 2 collection 

Gas samples for 13 C02 analysis were collected using a tube 
inserted into the mixing chamber of the metabolic cart. The tube 
was connected to a three-way stopcock that had a 30 cc syringe 
attached via the luer fitting. On the last port of the stopcock an 18 
gauge needle was fitted. Two minutes prior to the sample time, air 
was drawn into the syringe using slow-even strokes. Two to three 
flushes were taken prior to every sample. After the sample was 
drawn into the syringe, an Exetarncr™ tube was inserted onto the 
18 gauge needle. Ten cc of the sample were drawn into the 
Exetainer rM tube. Duplicate samples were collected for each time 
point. Samples were shipped to Metabolic Solutions (Nashua, NH) 
for 13 C02 enrichment determination by IRMS. Data were 
reported as atom percent excess (APE). Labeled COo production 
rates were divided by 0.94 to correct for bicarbonate retention. 

Calculations 

C0 2 production from ingested substrate (in fj.molc/ minute) was 
calculated using (VC 0 2 / 2 2. 4) x (APE/ 100) x 1,000,000 where: 

VC0 2 is C0 2 production in L/min, 

22.4 is the molar equivalent for gas volume 

APE/ 100 is atom percent excess divided by 100 to get the 
required fraction 

1 ,000,000 converts moles to |imole. 

• 13 

Isotope recovery was calculated by taking the average C0 2 
production rates for two successive time points and multiplying by 
the number of minutes in the time between the time points 
{recovery (ilmole)= [(rate @ Tl+ratc @ T2)/2| xtime interval}. 

Percent recovery was calculated by dividing the isotope recovery 
by the amount of isotope consumed by the subjects (i.e. Jimol 1 3 C 
recovcred/u,mol 13 C isotope consumed (FW of the lac, glu, or fru + 
the correction for uniformly-labeled substrate) x 1 00. Wc refer to 
percent recovery as fractional oxidation rate as it represents die 
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percentage of exogenous substrate consumption that was oxidized. 
Cumulative percent recovery was calculated by summing successive 
percent recoveries while accounting for previously excreted isotope. 

Statistical analysis 

Two-way analysis of variance (ANOVA) using repeated-measures 
was used in the analysis with time and type of drink as within 
subject factors. When indicated by a statistically significant 
ANOVA test, differences were further investigated using a series 
of post-hoc paired comparisons with Bonfcrroni adjustment. For 
the presentation of data in figure form and statistical analysis, time 
to exhaustion data from two G trials were averaged as were the 
times to exhaustion from three C trials. A paired t-test was used to 
assess differences between drinks in time to exhaustion. Interclass 
correlation coefficients were calculated to assure consistency 
within the C and G trials during the HI portion of the exercise 
trials. Significance level was set at a = 0.05. 



Human subjects 

Protocol and procedures were reviewed and approved by the 
California State University Chico Human Subjects in Research 
Clearance (HSRC) committee. Informed consent was obtained 
from every subject prior to admission into die study and protocols 
and procedures were in full compliance with the Declaration of 
Helsinki and all local, State and Federal laws. 
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The Effects of Ingesting Poly lactate or 
Glucose Polymer Drinks During Prolonged Exercise 

Thomas D. Fahey, James D. Larsen, George A Brooks, 
William Colvin, Steven Henderson, and Darrel Lary 

Five trained, fasted male cyclists rode a cycle ergometer three times at 50% 
of V0 2 max for 180 min. Using a balanced order, double-blind procedure, 
subjects were given either a solution containing polylactate (PL: 80% poly- 
lactate, 20% sodium lactate, in 7% solution with water), glucose polymer 
(GP: multidextrin in 7 % solution with water) , or control (C : water sweetened 
with aspartame) 5 min before exercise and at 20-min intervals during exer- 
cise. Venous blood samples were taken at rest and at 20-min intervals during 
exercise. In general, PL and GP rendered similar results except that pH and 
bicarbonate (HCO3-) were higher in PL. There were no differences between 
treatments in perceived exertion, sodium, potassium, chloride, lactate, heart 
rate, oxygen consumption, rectal temperature, or selected skin temperatures. 
These data show that polylactate may help maintain blood glucose and en- 
hance blood buffering capacity during prolonged exercise and could be a 
useful component in an athletic fluid replacement beverage. 

Hypoglycemia has been suggested as a mechanism of fatigue during pro- 
longed exercise events such as the marathon (1,2). Carbohydrates play an im- 
portant role during exercise by supplying substrates for the central nervous 
system, working muscles, and red blood cells. Numerous studies have shown 
that carbohydrate feeding during prolonged endurance exercise improves perfor- 
mance, probably by maintaining blood glucose (3, 10, 13, 17). These findings 
have led to die introduction of many commercial fluid replacements for athletes 
containing various types of carbohydrates. 

Depletion of carbohydrate stores during prolonged exercise leads to feel- 
ings of fatigue, extreme lethargy, and disorientation (8). The liver plays a critical 
role in supplying substrates for oxidation and energy metabolism during exercise. 
It is largely responsible for preventing hypoglycemia during exercise in the face 
of exercise-induced depletion of substrates by skeletal muscle. During prolonged 
exercise, gluconeogenesis in the liver is increasingly important for supplying 
blood glucose (2, 12). As liver glycogen stores are depleted, glucose require- 
ments are increasingly met by gluconeogenesis. 



The authors are with the Department of Physical Education at California State 
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Several studies have suggested that supplemental lactate could spare muscle 
and liver glycogen (5, 16). Lactate's role as a gluconeogenic precursor within 
the Cori cycle is an important factor in exercise energy metabolism. During 
exercise approximately 20% of glucose released from the liver comes from sub- 
strate recycling (5). As glycogen depletion occurs, the contribution of glucose 
from gluconeogenic organs becomes increasingly important. 

Comparison of the rate of lactate oxidation with that of other carbohydrates 
during exercise suggests that lactate is an important substrate during physical 
activity (5). Jorfeldt et al. (15) found that working skeletal muscle is capable of 
taking up and oxidizing lactate and can be considered a major site for lactate 
removal. The purpose of this study was to compare the effects of a beverage 
containing polylactate (PL), a substance consisting of polymerized lactate bound 
to arginine, with a glucose polymer beverage (GP) or flavored placebo (C) on 
blood glucose and selected physiological measurements during prolonged, sub- 
maximal exercise in competitive cyclists. 



Table 1 



Description of Subjects 





Mean 


SEM 


Age (yrs) 
Weight (kg) 
Height (cm) 

VO.max (ml • kg -1 • mirT 1 


25.6 * 
81.3 
179.0 
56.2 


0.7 
4.7 
3.8 
2.2 



Methods 

Five trained male cyclists volunteered as subjects (Table 1) . They were informed 
about the nature, risk, and benefits of the experiment and signed an informed- 
consent declaration. The study was approved by the hospital and university 
human subject review committees. 

Experimental Design 

Subjects participated in four exercise bouts. 

Test 1. This test served as the basis for assigning submaximal exercise 
intensity during the endurance trials (Tests 2-4). Subjects performed a continu- 
ous incremental test on a Monark cycle ergometer (model 853) at 70 rpm to 
symptom limited maximum. The initial power output was 135 watts (W), and 
the load was increased by 35 W every 2 minutes until voluntary cessation or until 
there was'a 20% decrease in pedal revolutions. The cycle ergometer was fitted 
with toe clips and toe straps to secure the subject's feet in the pedals. Each subject 
supplied his own bicycle cleats. Peak power, output was identified as the power 
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output completed at V0 2 peak. During the test, heart rate, ventilation, and oxy- 
gen consumption were measured. 

Heart rate was measured via a Quinton 3000 electrocardiograph. Oxygen 
consumption was measured with an on-line mixing chamber system consisting 
of a Hans-Rudolph valve, mixing chamber, Sensormedics turbine flow-meter, 
Beckman LB-2 carbon dioxide analyzer, Applied Electrochemistry S-3a oxygen 
analyzer, Adalab analog-to-digital converter, and Apple He computer. 

Tests 2-4. Subjects reported to the lab at 7:30 a.m. after a 12-hr fast. They 
performed three 180-min rides on a cycle ergometer at 70 rpm and at a power 
output associated with 50% of V0 2 peak. Five minutes before exercise and at 
20-min intervals during exercise, subjects consumed 250 ml of a solution con- 
taining either polylactate (P: 80% polylactate, 20% sodium lactate, in 7% solu- 
tion with water, Champion Nutrition, Concord, CA), glucose polymer (GP: 
multidextrin in 7% solution with water), or placebo (C: water sweetened with 
aspartame). The solutions were given using a double-blind procedure and the 
order of administration was balanced. All resting measurements were obtained 
prior to administering the first drink. 

Before exercise, and at 20-min intervals during exercise, venous blood 
samples were drawn from an indwelling catheter (20-gauge Jelco with heparin 
lock) inserted in a forearm vein. The catheter was flushed with saline between 
samplina periods. The samples were analyzed for glucose and lactate with an 
Analox LM3 analyzer (Analox Instruments, Ltd.). Venous blood pH and bicar- 
bonate (HCO3-) were measured at rest and at 60-min intervals during exercise 
usina a Coming 178 blood gas analyzer. Serum electrolytes were measured be- 
forehand after exercise with a Nova Biomedical Analyzer (Model 4+4). 

Oxygen consumption, electrocardiogram, blood pressure, and ventilation 
were measured at 20-min intervals by methods described for Test 1. Rectal 
temperature (T r ) and skin temperatures of the back (T J and chest (T ^ were 
monitored with a Yellow Springs instrument telethermometer. The rectal ther- 
mometer probe was inserted to~a depth of 8 cm. Perceived exertion, using the 
Borg scale (4), was recorded at 20-min intervals. 

Differences between groups were determined using a two-factor repeated- 
measures analysis of variance. Post hoc comparisons were accomplished with 
the SchefK test. The level of significance was chosen at P<0.05. 

Results 

In general, the polylactate and glucose polymer treatments rendered similar re- 
sults except that pH and HC0 3 - were higher in the polylactate treatment. During 
the first 80 min of exercise, glucose tended to increase (i»>0.05) during the 
glucose polymer treatment and remained relatively stable during polylactate and 
control treatments (Figure 1). During the last 60 min of exercise, glucose fell 
significantly during the control treatment but there was no difference in blood 
glucose between glucose polymer and polylactate treatments. Compared to rest, 
glucose decreased at 180 min by 1.14 ± 0.2 mmol • l" 1 in control, 0.42 ± 0.3 
in glucose polymer, and 0.24 ± 0.1 in polylactate (P<0.05 for polylactate vs. 

control; mean ± SEM). . 

Lactate remained low during all three treatments, but there was a tendency, 
although not statistically significant, for control lactate levels to be higher 
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Rest 20 40 60 80 100 120 140 160 180 

Time (min) 



Figure 1 — Blood glucose (mmol • I" 1 ) during 180 min of exercise (mean ± SEM). 



-•-Control 
-5-Glucose polymer 




TIME (MIN) 



Figure 2 — Blood lactate (mmol • l" 1 ) during 180 min of exercise (mean ± SEM). 
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H Control 

H Glucose polymer 




TIME (MIN) 

Figure 3 — pH during 180 min of exercise (mean ± SEA/). 



throughout exercise (Figure 2). Blood pH increased significantly at 120 and ISO 
min for the polylactate treatments (Figure 3). At 180 min, pH for the poly lactate 
treatment was significantly greater than for the other treatments, HC0 3 - fell 
progressively during the control and glucose polymer treatments but increased 
significantly during the polylactate treatment (Figure 4). 

Perceived exertion (PE) rose steadily during the 1 80 min of exercise during 
all treatments. At 180 min, PE was 7.3 ± 0.8 (C), 6.1 + 0.6 (PL), and 6.4 ± 
0.5 (GP). While there was a trend toward a higher PE during the control treat- 
ment, there were no significant differences between groups throughout the 
experiment. 

Heart rate, oxygen consumption, and ventilation increased gradually dur- 
ing the experiment. At 180 min, heart rate (bpm) was 133.0 jfc 10.2 (C), 137.6 
±~11.7 (PL), and 134.6 ± 10.6 (GP); V0 2 (ml • kg" 1 • min l ) was 26.7 ± 2.4 
(C), 24.3 ± 0.9 (PL), and 26.8 ± 1.2 (GP); and V E (1 • min- 1 , BTPS) was 66.2 
± 7.6 (Q, 62.6 ± 6.5 (PL), and 68.4 ± 6.1 (GP). There was a slight trend 
toward higher levels of V0 2 and V E toward the end of exercise during the control 
trial, but there were no significant differences between treatments. Heart rate 
increased by over 10 bpm in all treatments during the last 60 min of exercise, 
compared to the first 2 hours, but there were no significant differences between 
treatments. 

Rectal temperature (T f ) rose slighdy during the first hour in all treatments 
and tended to level off durins the last 2 hours, of exercise. T r at 180 min was 
38.4° ± 0.1 (Q, 38.6° ± 0.2 (PL), and 38.8° ± 0.1 (GP). There were no 
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Figure 4 — Blood bicarbonate (mmol • T 1 ) during 180 min of exercise (mean ± 
S£Af). 



significant differences between groups. Back and chest skin temperatures tended 
to fall during the first 120 min of exercise, then level off. At 120 min, back skin 
temperature was 33.5° ± 0.9 (C), 32.6° ± 0.7 (PL), and 33.3° ± 0.6 (GP); 
chest skin temperature was 32.8° ± 0.6 (C), 32.0 C ± 0.4 (PL), and 33.1° ± 
1 .0 (GP). There were no significant differences between groups. 

There were no significant differences between groups in serum sodium, 
potassium, or chloride. Sodium after exercise was 147.2 ± 1.4 mmol • l" 1 for 
control, 149.8 ± 1.1 for polylactate, and 147.2 ± 0.7 for glucose polymer. 
Potassium after exercise was 4,3 ± 0.1 mmol • l" 1 for control, 4.5 ± 0.1 for 
polylactate, and 4.28 ± .2 for glucose polymer. Postexercise chloride concentra- 
tion was 107.0 ± 1.9 mmol • T 1 for control, 107.8 ± 0.7 for polylactate, and 
108.4 ± 0.7 for glucose polymer. 



Discussion 

These data show that polylactate may help maintain blood glucose and enhance 
blood buffering capacity during prolonged exercise. Previous studies have shown 
that ingesting carbohydrate supplements during prolonged exercise enhances 
exercise capacity and maintains blood glucose (3, 10, 13^17). Polylactate main- 
tains blood glucose by a different mechanism from other carbohydrates. Multi- 
dextrans are largely absorbed and (presumably) utilized as glucose, while 
polylactate is an alternative energy source to glucose and is presumably converted 
to glucose in the liver through gluconeogenesis. 

Recent investigations support the importance of lactate as a gluconeogenic 
precursor and as a fuel during exercise. John-Alder et al. (14) showed that gluco- 
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neogenesis in rats is of major importance in long-term, submaximal exercise. 
Although fatigue during prolonged exercise is closely associated with muscle and 
liver glycogen depletion (1), hypoglycemia has also been related to diminished 
exercise capacity (9). Polylactate maintained blood glucose as well as glucose 
polymer in our subjects in spite of fasting and prolonged exercise. 

Donovan and Brooks (1 1) showed that much of the glucose produced dur- 
ing exercise comes from lactate as part of the Cori cycle. Lactate can also be 
oxidized in other tissues, such as the heart and skeletal muscle (7). This "lactate 
shuttle" represents an important means of supplying substrates to active muscle 
during exercise (5). The lactate shuttle may become more important during 
higher exercise intensities when blood is shunted from the gastrointestinal tract, 
making it more difficult to absorb glucose. 

Donovan and Brooks (11), as well as Brooks and Divine-Spurgeon (6), 
have suggested that during hard exercise, trained animals rely less heavily on 
the oxidation of carbohydrates and are able to conserve carbohydrate stores by 
increased use of gluconeogenesis. These results provide a theoretical basis for 
the use of lactate as a component in a fluid replacement beverage for athletes. 
During prolonged exercise, polylactate could be used as a gluconeogenic precur- 
sor and thus spare muscle and liver glycogen. 

Though nonsignificant, oxygen consumption tended to be lower during the 
polylactate treatment than during control or glucose polymer treatments during 
the' third hour of exercise. iWoccurred even though more oxygen should be 
required due to increased gluconeogenesis taking place during the polylactate 
trial. It may. be that polylactate reduced the perception of effort enough to cause 
fewer extraneous movements, such as subjects pulling on the handlebars of the 
cvcle ersometer durina exercise. This would decrease oxygen consumption and 

improve efficiency. 

Of particular interest were the effects of polylactate on pH and bicarbonate. 
Lactate is a weak base and thus it is a hydrogen ion acceptor. Metabolism of 
exogenous polylactate during exercise resulted in stiochiometric consumption of 
protons. This alkalized the blood and prevented the depletion of the bicarbonate 
reserve. Such an alkalizing effect could be of benefit at the end of an endurance 
exercise competition, wherein the intensity increases during the sprint to the 
finish. 

In summary, our data suggest that polylactate may help m ai nt a in blood 
glucose and enhance blood buffering capacity during prolonged exercise. 
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